these early journals were never inexpensive, growth and support by major academic libraries and owners of private libraries in Europe that purchased journals enabled academic societies to launch and maintain effective scholarly publishing operations. 9 Clearly, the printing press was an 'agent of change,' triggering a disruption in the transmission of knowledge that has yet to abate. 10 disruptive and sustaining technologies according to clayton christensen Clayton M. Christensen's The Innovator's Dilemma, first published 1997, is viewed within academic circles as one of the most important management books of the last twenty years. 11 Christensen wrote that 'this book is about the failure of companies to stay atop their industries when they confront certain types of market and technological change. It is not about the failure of simply any company, but of good companies.' 12 Christensen posited that companies falter or fail for myriad reasons, including bad management, death of a chief executive officer, bad luck, economic recession or depression, and war. Yet Christensen stated that his 'book is not about companies with such weaknesses. It is about wellmanaged companies that have their comparative antennae up, listen astutely to their customers, invest aggressively in new technologies, and yet still lose market dominance.'
13
To address why some companies succeed where others fail, Christensen developed two major theoretical principles that he called sustaining technologies and disruptive technologies.
14 His principle of sustaining technologies centred on the following ideas:
1. 'some sustaining technologies can be discontinuous or radical in character, while others are of an incremental nature'; 2. 'what all sustaining technologies have in common is that they improve the performance of established products along the dimensions of performance that mainstream customers in major markets have historically valued'; 3. 'most technological advances in a given industry are sustaining in character'; 4. 'an important finding revealed in this book is that rarely have even the most radically difficult sustaining technologies precipitated the failure of leading firms.'
15
Christensen's principle of disruptive technologies emphasized that certain innovations 'result in the worst product performance, at least in the near-term. Ironically, in each of the instances studied in this book, it was disruptive technology that precipitated the leading firms' failure.' 16 Christensen concentrated on a cluster of key marketing and technological points:
1. 'companies depend on customers and investors for resources'; 2. 'small markets don't solve the growth needs of large companies'; 3. 'markets that don't exist can't be analyzed'; 4. 'an organization's capabilities define its disabilities'; 5. 'technology supply may not equal market demand.'
17
Perhaps the best way to understand Christensen's theory of sustaining and disruptive technologies is to illustrate it with the steel industry. Christensen considered large integrated steel mills and the emergence of small, innovative, and incredibly nimble steel 'minimills' in relation to the rebar phenomenon. (Rebar consists of long steel rods used, for example, to reinforce cement foundations or columns.)
A steel minimill produces 'cost-competitive molten steel from scrap in less than one-tenth of the scale required for an integrated mill to produce cost-competitive molten steel from iron ore in blast and basic oxygen furnaces.' 18 Christensen wrote that the only market that minimills could enter successfully in the 1960s was the low-margin, lowcustomer-loyalty rebar business, which was at the 'bottom of the market in terms of quality, cost, and margins.'
19
The large integrated steel mills (including industry leader US Steel and Bethlehem Steel, the second largest steel company and the country's largest shipbuilder) were eager to exit the low-profit rebar business, which opened the market for the disruptive minimills. After entering and gaining control of the downmarket rebar business (and ultimately holding a 90 per cent market share for rebar), the minimills improved their metallurgical capabilities and entered the more lucrative upmarket steel market (for example, steel beams, rolled-sheet steel, and other high-quality products).
20 While the minimills expanded their product portfolio, the major integrated steel companies 'experienced dramatically improving profit. . . . Bethlehem Steel's market value had leapt from $175 million in 1986 to $2.4 billion in 1989.'
21 Yet the upmarket strategies of the highly disruptive mimimills eventually paid off, leading Lepore, author of a number of critically acclaimed studies, is a chaired professor of American history at Harvard University and an affiliated faculty member of Harvard Law School, and at one time she worked as an assistant to Michael Porter's assistant at the Harvard Business School. She remarked that 'Porter was interested in how companies succeeded. . . . Christensen was interested in why companies fail. ' 39 As a historian, Lepore wrote that 'every age has a theory of rising and falling, of growth decay, of bloom and wilt.'
40 While economic theories generally have critics, she insisted that Christensen's disruptive theories had none: 'Disruptive innovation as the explanation for how change happens has been subject to little serious criticism, partly because it's headlong, while critical inquiry is unhurried; partly because disrupters ridicule doubters by charging them with fogyism, as if to criticize a theory of change were identical to decrying change.'
41
With references to Joseph Schumpeter and the Enlightenment, 42 Lepore rejected the Christensen model, insisting that 'The Innovator's Dilemma consists of a set of handpicked case studies, beginning with the diskdrive industry.'
43 Other cases in The Innovator's Dilemma are 'equally murky,' claimed Lepore. 44 'Christensen's sources are often dubious and his logic questionable.'
45 As for Christensen's material on minimills and integrated steel mills, Lepore pointed out that the integrated steel mills had been unionized for decades but that the minimills were non-union. So the minimills did not have a collective bargaining agreement with a union; this meant that the minimills had lower wages and fewer benefits along with an entirely different set of terms and conditions of employment from those of the large integrated and unionized steel mills in the 1980s -facts that Christensen glossed over in his book. 46 Lepore insisted that 'disruptive innovation is a theory about why businesses fail. It's not more than that. It doesn't explain change.' 47 
diffusion of disruptive and sustaining technologies
There is nothing permanent except change.
-Heraclitus (544-483 B.C.)
While the Christensen-Lepore debate has continued to spark academic discussions and studies, society has witnessed the development, diffusion, and wide acceptance of both disruptive and sustaining technologies and their applications. Everett M. Rogers had earlier posited that the diffusion of innovative processes and inventions centres on four distinct processes:
1. the introduction of a new product or service, such as the passenger jet airplane; 2. the importance of the channels of communications (e.g., newspaper articles, television, or radio broadcasts) notifying consumers about the positive features of the passenger plane (perhaps the speed of flying from New York City to Pittsburgh); 3. the specific social system that enabled anyone with enough money to buy a ticket for a commercial airline; and 4. the amount of time needed for the channels of communication to inform consumers about the positive features of commercial jet planes.
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Rogers used this framework to understand the relative advantage, comparability, and complexity of a new innovation by creating his famous Rogers's diffusion curve, which highlights the intricate, graduated acceptance of a new innovation by five distinct clusters of consumers: a) the 'innovators,' about 2.5 per cent of the population that adopts an innovation quickly; b) the 'early adopters,' the 13.5 per cent of the population that adopts a new innovation or process in the second phase of adoption; c) the 'early majority,' about 34 per cent; d) the 'late majority,' another 34 per cent who shift the balance decisively toward widespread adoption; and e) the 'laggards,' the remaining 16 per cent of consumers who slowly accept and adopt the innovation or process in question.
A very partial list of disruptive and sustaining technologies and their diffusion into society include automobiles, airplanes (including jet planes) chain stores, discount stores, mass merchants chemotherapy, DNA mapping, endoscopic surgery, ultrasound computers (including mainframes, mini computers, personal computers, tablets)
As this list is alphabetical, one can imagine the many other technologies that would fill out the list if drawn from all areas of modern society.
impact of disruptive and sustaining technologies on scholarly journals
Every body persists in its state of being at rest or of moving uniformly straight forward, except insofar as it is compelled to change its state by force impressed.
-Sir Isaac Newton, Principia (1687), first law of motion
To every action there is always opposed an equal reaction: or the mutual actions of two bodies upon each other are always equal, and directed to contrary parts.
-Third law of motion
The following two sections analyse the impact of sustaining and disruptive digital technologies on scholarly journals, publishers, authors, readers, and librarians. For the quantitative data on scholarly publishing, some percentages have been rounded, and revenues are reported in US dollars.
Sustaining Technologies
First, journal articles were between four and eight pages longer in 2014 than in the years before 2000, and the number of co-authors grew because of the ease of collaborative research technologies (e.g., telephones, video conferencing, email, and online editing systems). 49 This trend highlights one of Christensen's basic ideas about sustaining technologies: that they improve or enhance the research capabilities of consumers (i.e., academics working in different parts of the scientific community).
As two examples, albeit extreme outliers, one thirty-three-page paper published in Physical Review Letters, a collaboration of scientists involved in particle physics using a particle collider, had 5154 co-authors. It took twenty-four of the thirty-three pages to list all of the co-authors. Another, a sixteen-page article proving Albert Einstein's theory of gravity waves, had 1004 co-authors, which took six pages to list. 50 Second, there has been a proliferation in the number of journals and of articles, and an increased emphasis on collaborative research teams to generate a sizable number of publications; these trends support Christensen' wrote that 'as the world's scientific knowledge grows, and the problems we must solve become more complex and multifaceted, no one academic can know or do it all. Researchers must be increasingly willing to establish interdisciplinary collaborations to advance projects.' 51 Third, at significant costs, almost every journal publisher has created global Web-access capabilities available around the clock and has entered into licensing agreements with content aggregators (such as Project MUSE), which have expanded the reach of journal publishers and allowed researchers almost instantaneous access to recently published or posted articles. Again, this development supports Christensen's observation that 'what all sustaining technologies have in common is that they improve the performance of established products along the dimensions of performance that mainstream customers in major markets have historically valued.' A number of publishers have launched apps that provide access to journal content from mobile devices, another example of an incremental sustaining change that has improved access to scholarly content (through smart phones, laptops, and tablets).
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Fourth, yet another illustration of Christensen's sustaining technology is the development and wide acceptance within the scholarly community of quantitative citation indices that measure research productivity and influence in publication, which include the ISI citation index, the i-10 index, the h-index, Scimago journal and country rank, Google Scholar metrics, PLoS article-level metrics, and the g-index.
53 Research productivity and impact metrics exemplify Rogers's idea that the introduction of a new product or service directly affects individuals who need access to an augmented product or service. At the end of 2014, there were more than one million preprints articles. 54 Sixth, in many ways the open access movement is the biggest sustaining opportunity confronting the entire scholarly journal community. The Directory of Open Access Journals tracked more than 10,000 journals in December 2015; 6746 journals were searchable at the article level, and these journals published 2,114,121 articles. 55 These open access journals had $335 million in total revenues in 2015 (which included author processing charges). The supporters of open access journals, preprints, institutional repositories, and library-based publishing operations include a broad spectrum of individuals, organizations, and governments: Rayn Crow, Charles Watkinson, Leslie Chan, the American Library Association (including the Association of Research Libraries), the American Society for Cell Biology, the National Natural Science Foundation of China, the Sponsoring Consortium for Open Access Publishing in Particle Physics, the Wellcome Trust, Cambridge University Press, Harvard University, John Wiley, the Massachusetts Institute of Technology, Oxford University Press, the National Science Foundation, Reed Elsevier, Wolters Kluwer, the Canadian Government, the European Union, the Higher Education Funding Council for England, the US Government, etc. 59 A number of governmental units (in the United States and the European Union) have required that all research funded by a governmental department or agency with a research budget beyond a certain dollar threshold be made publicly, freely available after publication within a certain period of time (although certain types of 'sensitive' or 'classified' research were exempted from these requirements).
Many academic libraries established scholarly publishing operations and institutional repositories, and a cluster of major research universities (e.g., Harvard University and Princeton University) created policies encouraging (although an 'opt-out' procedure was available) faculty members to retain control over the copyrights of their scholarly publications and 'insisting on' (or strongly encouraging) mandatory deposit of these publications in the university's institutional repository. 60 Seventh, some universities have encouraged faculty members and affiliated researchers to participate in open access 'declarations' (e.g., the San Francisco Declaration on Research Assessment); initiatives (e.g., the Budapest Open Access Initiative); and operations to access, discover, identify, and preserve open access articles (e.g., Mendeley, ORCID, CHORUS, etc.), all examples of Christensen's incremental sustaining technologies.
61 Two exceptionally important features of these organizations are discoverability and access, which allow researchers and students to discover and access older articles. Research on journal half-lives by Alex Verstak et al. indicated that 'the impact of older articles has grown substantially over the years 1900-2013.' They concluded that 'finding and reading relevant older articles is now about as easy as finding and reading recently published articles.' What is the reason for this shift in citing older articles? They write that for 'most fields, retrospective digitization as well as inclusion in a broad-based search service with relevance ranking occurred in the second half of the period of the study.' 62 However, Philip M. Davis and Angela Cochran researched the halflife of articles, and they indicated that 'the trend to cite older papers is not fully explained by technology (digital publishing, search, and retrieval) but may be the result of a structural shift to fund incremental and applied research over fundamental science. ' 63 So the reason(s) for the increased citations of older articles may not yet be fully explained; however, many researchers list in their notes and/or bibliographies older articles with connecting links. This just might be an answer, even if a partial one, for the growth in citations of older papers (still another illustration of the incremental nature of certain sustaining technologies). A related positive feature, however, is the ability to use various big-data algorithms (another substantive example of the importance of Rogers's emphasis on the introduction of a new technological product or service) to monitor scholarly journal access and downloads. 64 Eighth, an intriguing utilization of sustaining technology was the launching of the 'big deal' by most of the commercial scholarly publishers. This 'big deal' enabled publishers to bundle their journals into a product, similar to what various cable television distribution companies offer to individual subscribers. This practice highlights Christensen's belief that 'rarely have even the most radically difficult sustaining technologies precipitated the failure of leading firms.' This practice, and the growing bargaining strength of certain commercial scholarly publishers, triggered a number of jeremiads, including articles by Vincent Lariviere, Stephanie Haustein, and Philippe Mongeon, 65 and Aaron S. Edlin and Daniel L. Rubinfeld.
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Disruptive Technologies
Clearly, there is a 'dark side of the moon' to digital publishing technologies because some publishers have experienced major disruptions.
First of note is the dramatic emergence of 'predatory' publishing firms, which generated approximately $75 million (primarily through very expensive author processing charges) by publishing approximately 8000 journals that released about 500,000 articles in 2015. These predatory publishers take advantage of academics and researchers all too eager to get their research published in order to get employment, tenure, promotions, or research grants, an exceptionally unfortunate illustration of Christensen's statement that 'companies depend on customers for financial resources.' 67 Second, there has been a proliferation of companies and websites posting pirated material protected by copyright, apparently due to the assistance of a number of individuals at various institutions who saw nothing wrong in participating in the wholesale theft of copyrighted materials. In a pivotal case before the United States District Court for the Southern District of New York, Elsevier sued SCI-HUB, the Library Genesis Project, Alexandra Elbakyan, and other defendants for 'unlawful access to, use, reproduction, and distribution of Elsevier's copyrighted works.' In various statements, defendant Alexandra Elbakyan insisted that 'everyone should have access to knowledge regardless of their income or affiliation,' and she did not deny that what she was doing was an infringement on US copyright law.
68 On 30 October 2015, the court determined that a) Elsevier held the copyrights for the works in question; b) the defendants reproduced and distributed these works in violation of 17 U.S.C., section 106; and c) 'Elsevier was likely to prevail in its suit against the defendants for copyright infringements.' Therefore, the court issued a 'preliminary injunction preventing the defendants . . . from distributing works to which Elsevier owns the copyright.'
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Elbakyan moved her website to Kazakhstan to avoid the reach of US copyright law. This legal action has the potential to become the most important intellectual property case for publishing in almost a hundred years, especially since it involves between 47 million and 50 million journal articles that have been published since January 1665 and about 1,000,000 books, many of which were published by financially hard-pressed university presses. In essence, this patently illegal website has the potential to lead to the unraveling of (and possible failure) of some important scholarly publishers. This is especially true for small journal publishers or society journal publishers who depend on many individual customers for paid subscriptions and other revenues.
Third, while digital technologies have been a tremendous plus for publishers, researchers, and libraries, publishers have had to offer subscribers access to both print and digital versions of journals. This has resulted in two different unit manufacturing costs (and two profit and loss statements) for the same journal, one for printed journals and a second for digital journals. The importance of advertising revenues has been analysed in a variety of research studies, including the work of Kent Anderson, 72 Richard Smith,
73 Louisa Ha, 74 and Adriane Fugh-Berman, Karen Alladin, and Jarva Chow. 75 Many of these trends have made marketing, sales, and revenue forecasting and traditional strategic planning exceptionally difficult for large and small journal publishers.
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Fifth, certain individuals have 'hijacked' some scholarly journals. John Bohannon, writing in the prestigious journal Nature, describes how his journal was 'hijacked' by an unscrupulous individual or individuals who used the Web address www.sciencmag.org rather than the official site address, www.sciencemag.org. The goal of the hijacker was to 'drive web traffic to the fake site. . . . Unsuspecting visitors who log into the hijacked journal sites might give away passwords, or money as they try to pay subscriptions or article processing fees.' Will the large, diversified industry of commercial scholarly publishers, university presses, and academic societies be affected adversely by disruptive or sustaining digital technologies, specifically by open access, preprints, library publishing operations, and library repositories? What strategies can publishers develop to preserve their pivotal role in scholarly communications when scholarly journal publishing is affected by disruptive technologies? This is, clearly, an area of paramount concern since far too many publishers (especially a few commercial ones) have been rather unsuccessful in convincing many participants in the scholarly community of their pivotal role and the inherent costs of the scholarly publishing ecosystem. While the jury is still out, it appears that the vast majority of journal publishers will not be adversely affected by open access, preprints, library publishing operations, or library repositories in the short run because of the strategies they have crafted and implemented in the past few years.
First, the scholarly publishing community is well aware of the disruptive pitfalls that various companies and industries confronted in the last decade. So it is likely that commercial scholarly publishers, university presses, and academic society publishing operations will generally avoid the negative impact of the open access, preprint, library publishing operations, or the library repositories 'rebar' problem. Many of these publishers offer researchers, for a fee, the right to retain their copyrights and then release the article as open access, in essence transforming a traditional paywall journal into a hybrid one. In addition, some publishers have launched pure open access journals. So the majority of publishers have started to hedge their bets by creating viable hybrid and open access journals in their portfolio. It is likely that more hybrid and open access journals will materialize in the coming years.
Elsevier's purchase of SSRN is an example of a large, global journal publisher seeking to create and maintain a unique value proposition. So, if the established library subscription business model suffers a revenue decline, Elsevier is positioned to offer researchers and institutions access to its SSRN website for a subscription fee. For example, a business school professor interested in monitoring SSRN preprints in the following areas would pay an annual subscription fee of $345.00 (all fees are available on the www.ssrn.com website): accounting ($65.00), corporate governance ($45.00), economics ($90.00), entrepreneurship ($50.00), financial economics ($95.00), and management ($65.00). Institutional subscriptions (on the university or department level) are also available.
Second, it will take a period of time, perhaps decades, before universities or funding agencies eschew journals with high citation indices for open access journals with lower citation indices. It is very hard to believe that major research universities (e.g., Harvard, Oxford, or Toronto) and funding agencies will abandon their quest for prestige. 78 Third, the basic laws of supply and demand expounded in economics textbooks really do work in the constantly changing publishing marketplace. Someone has to pay for the professional editing, typesetting, posting, and distribution of scholarly articles. There is no free lunch. While many science, technology, and medical researchers have access to research grants that can be used to support open access publication, this is rarely the case in the humanities and the social sciences. This means that a university, school, researcher, or academic department will have to provide the open access or hybrid author processing charges, which merely transfers the costs of journals from the university library to another university operating unit.
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The sooner all parties -from large commercial publishers to librarians at small liberal arts colleges to various institutions and individuals participating in journal publisher boycotts 80 -realize that they need each other (for hiring, tenure, promotion, and research grants), the sooner the disharmony, and the all-too-frequent talk about certain 'enemy' publishers, should end. 
